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Thermoelectric effect generating electricity from thermal gradient and vice versa appears in numerous generic
applications. Recently, an original prospect of thermoelectricity arising from the nonlocal Cooper pair split-
ting [1, 2] (CPS) and the elastic co-tunneling (EC) in hybrid normal metal-superconductor-normal metal (NSN)
structures was foreseen [3–5]. Here we demonstrate experimentally the existence of non-local Seebeck effect
in a graphene-based CPS device comprising two quantum dots connected to an aluminum superconductor and
theoretically validate the observations. This non-local Seebeck effect offers an efficient tool for producing en-
tangled electrons.
Mesoscopic thermoelectric effects have been observed in
a variety of condensed matter systems, including quantum
dots [6–10], atomic point contacts [11–13], Andreev inter-
ferometers [14, 15], and nanowire heat engines [16]. Ther-
moelectric effects in the superconducting systems [17, 18],
especially exploring non-local thermoelectric currents in
superconductor-ferromagnet devices [19] and in bulk non-
magnetic hybrid NSN structures [20–22] have attracted spe-
cial attention. Connection between thermoelectric effects and
the CPS, proposed in Ref. 23, established a new mechanism
for the coherent non-local thermoelectric effect in hybrid su-
perconducting systems. This connection was further studied
and explicitly described for a ballistic NSN structure [4]. A
related nontrivial phenomenon, revealed analytically in Ref. 4,
was that contrary to the intuitive expectations, the supercon-
ductor can mediate transfer of heat. Furthermore, it has been
shown that non-local processes depend directly on the EC
and CPS probabilities which, in turn, can be made energy-
dependent by incorporating quantum dots between each nor-
mal lead and the superconducting region [2]. Here we present
experimental observation of the non-local thermoelectric cur-
rent generated by imposing thermal gradient across a quan-
tum dot – superconductor – quantum dot (QD-S-QD) split-
ter. We find that both CPS and EC processes contribute to the
non-local thermoelectric current, and that their relative con-
tributions can be tuned by gate potentials. The ability to tune
between CPS and EC allows for testing of fundamental the-
oretical concepts relating entanglement and heat transport in
the graphene CPS systems.
We begin with considering an QD-S-QD device within the
Landauer formalism. Taking that the non-local transport is
primarily coherent and that the electron energies are smaller
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FIG. 1. False color SEM image of the device: green indicates
graphene, blue corresponds to metallic Al/Ti sandwich leads, and the
substrate background is colored in gray. The Joule heated region is
indicated by red color. The superconducting graphene junctions are
located between the leads marked by SGS L and SGS R. The left and
right graphene quantum dots QDL and QDR, respectively, have an
area 200 × 150 nm2, foremost located under the Al injector and thus
invisible in the image. Side gates with voltages Vsg,L and Vsg,R are
also carved out of graphene. The inset at lower left corner illustrates
the graphene quantum dots before overlaying the metallic Cooper
pair injector.
than the superconducting gap, |E| < ∆, we find, see Supple-
mentary Information (SI) Note 4, that the EC, τEC(E), and
CPS, τCPS(E), probabilities are given by the expressions
τEC = τL(E)τS τR(E), τCPS = τL(E)τS τR(−E). (1)
Here τL(R)(E) is the transmission probability of the left (right)
quantum dot which depends on the energy of an electron and
on the side gate potentials applied to the dots Vsg,L(R) (τL(R)(E)
is given by the sum of Lorentzian peaks or Fano resonances
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FIG. 2. Local and non-local contributions to the thermoelectric current. a, Thermally-generated current at 2 f in the left and right dot
measured as a function of Vsg,L and Vsg,R; the data includes both local and non-local thermoelectric contributions. (b,c), Zero bias conductance
of the right quantum dot vs. Vsg,R in two intervals: −1.35 V < Vsg,R < −1.15 V, and −0.95 V < Vsg,R < −0.6 V; green arrow in the panel b points
to the minor peak in the vicinity of the main conductance peak, and the red curve is the fit by the Fano resonance model with the parameters
ΓR = 20 µeV, γR = 252 µeV, εR − ε′R = 120 µeV, tR = 55 µeV; the additional Fano peak in the fit is intentionally made stronger than the
experimentally observed one in order to better reproduce the behavior of the non-local thermal current in Fig. 3d. d, Zero bias conductance of
the left quantum dot in the interval −5 V < Vsg,L < −4.6 V. (e,f), Experimental non-local contribution to the termal current in the left quantum
dot, ∆InlL , in two selected regions of (Vsg,R,Vsg,L) plane. g, Zero bias conductance of the left quantum dot; data as in panel d, but the red curve
displays the fit of one of the peaks with the Fano resonance model with the parameters ΓL = 6 µeV, γL = 98 µeV, εL − ε′L = 24 µeV and tL = 10
µeV. (h,i), Theoretically predicted non-local contribution ∆InlL in the same regions as in panels e and f.
associated with discrete energy levels (SI Note 4) and τS is
the effective transmission probability of the superconducting
lead. The latter corresponds to the probability for an elec-
tron coming out of one dot so that, instead of escaping into
the bulk of the superconducting electrode, it reaches the other
dot. It becomes independent on the electron energy E if the
dots are separated by a distance shorter than the supercon-
ducting coherence length. This condition is reasonably well
fulfilled in our experiment. The non-local thermoelectric cur-
rents in the dots can, in turn, be expressed in terms of the
elastic cotunneling and Cooper pair splitting contributions,
∆InlL = (∆IEC + ∆ICPS)/2, ∆I
nl
R = (−∆IEC + ∆ICPS)/2, where
∆IEC =
2e
h
∫
dE τEC(E)[ fL(E) − fR(E)],
∆ICPS =
2e
h
∫
dE τCPS(E)[ fL(E) − fR(E)], (2)
and fL(R)(E) = 1/(1 + eE/kBTL(R) ) is the distribution function in
the left (right) electrode having the tempertature TL(R).
Now, we turn to the experiment. Our device presented in
Fig. 1 consists of an Al superconducting injector in contact
with two graphene quantum dots. Two side gate electrodes al-
low us to tune the resonance levels of the dots independently.
In order to perform thermoelectric measurements, our device
additionally contains two thermometers and a resistive heater,
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FIG. 3. Interplay of non-local thermal currents in the left and
right dots. Non-local contributions to the thermal currents of the
right and left dots (a-d) and the corresponding CPS and EC currents
(e-h). The left column (graphs a,c,e,g) shows the experiment and
the right one (graphs b,d,f,h) – theory. Horizontal dotted lines in the
plots indicate the positions of the conductance peak maxima of the
left dot.
fabricated from a graphene monolayer. The thermometers
are superconductor-graphene-superconductor (SGS) Joseph-
son junctions that reveal local temperature through the tem-
perature dependence of the switching current, Isw(T ) [24].
The resistive heater comprises the graphene nanoribbon and
two attached aluminum leads. The heater is distinctly apart
and electrically isolated from the rest of the device, the heat
to the Cooper pair splitter being transmitted through the sub-
strate.
The temperature difference ∆T = TL−TR between the leads
of the two-terminal device induces the thermoelectric current
I = αG∆T , where G is the conductance of the device and
α is the Seebeck coefficient [25]. For typical metals, such as
aluminum or copper, the Seebeck coefficient is quite small,
α ∼ 3 − 7 µV/K. For graphene, α is inversely proportional
to the square root of charge density, and it can reach much
higher values close to the charge neutrality point [26, 27].
In quantum dots with energy-dependent electron transmission
probability, large α up to a few kB/e ∼ 100 µV/K can also be
achieved [28]. In our experiment, we observe similar values
of the Seebeck coefficient in graphene quantum dots. We op-
erate the graphene heater at frequency f = 2.1 Hz and record
thermoelectric currents through both quantum dots at the dou-
ble frequency 2 f (see Methods). Thermal gradient induced
by the heater is measured by SGS thermometers, which were
calibrated separately as discussed in SI Note 2.
The thermoelectric current induced by the heater in the
left (right) quantum dot is given by the sum of dominat-
ing local (IlocL(R)) and small non-local contributions (∆I
nl
L(R)),
IL(R) = IlocL(R)(Vsg,L(R))+∆I
nl
L(R)(Vsg,L,Vsg,R), see SI Note 4. To in-
fer the non-local contribution from the measured current IL(R),
we subtract from IL(R) its value averaged over the different gate
voltages on the opposite dot, 〈IL(R)〉:
∆InlL(R) = IL(R) − 〈IL(R)〉. (3)
We thus obtain non-local currents ∆InlL(R), which have a mag-
nitude of order of 5−10% of the total thermoelectric currents.
Figure 2 displays the maps of the non-local thermoelectric
current in left dot ∆InlL (Vsg,L,Vsg,R) measured in the vicinity
of the two conductance peaks of the right dot for the heat-
ing voltage Vh = 5 mV. In Fig. 2(b,c,d,g), gL(R) = hGL(R)/e2
is the dimensionless conductance of the left (right) quantum
dot. We find that ∆InlL is symmetric with respect to the centers
of the conductance peaks of the right dot, but it changes sign
at the maxima of conductance peaks of the left dot. Thus, the
non-local current ∆InlL approximately follows the same pattern
as the product [dgL(Vsg,L)/dVsg,L]gR(Vsg,L).
Before proceeding to our main result, note that some con-
ductance peaks are split into two closely located peaks (see
Figs. 2(b,c)). The splitting is explained by the Fano res-
onant effect, see SI Note 4. Namely, we introduce the
coupling rates Γ j,n and γ j,n (here j = L,R enumerates the
dots) between the nth energy level of the dot (with energy
ε j,n) and, respectively, normal and superconducting leads; we
also assume that the nth level is coupled to a “dark” en-
ergy level, having the energy ε′j,n, via the hopping matrix
element t j,n. This results in the transmission probabilities
of the dots τ j =
∑
n γ j,nΓ j,n/[
(
E − ε j,n − |t j,n|2/(E − ε′j,n)
)2
+
(γ j,n + Γ j,n)2/4], see SI Note 4. The conductances gL(Vsg, j) =
4τ2j (0,Vsg, j)/[2 − τ j(0,Vsg, j)]2, as predicted by the theory of
Andreev reflection [29], exhibit splitted peaks for t j,n , 0.
Figure 3 displays the main result of our study. There we
plot the non-local thermal currents for both quantum dots to-
gether with the theory predictions based on Eqs. (1) and (2).
The involved model parameters are chosen in such a way that,
besides accounting well for the non-local current, they can
also reasonably fit the conductance peaks (see the caption of
Fig. 2). In the experiment, the non-local current ∆InlR changes
its sign three times in the vicinity of the conductance peak of
the right dot located at Vsg,R = −1.24 V. Although in order
to reproduce this behaviour, we had to take hopping ampli-
tude, tR, larger than required by the perfect fit to the con-
ductance peak (see Fig. 2b), this offers a fair cross-check
for our description. One sees that not only the magnitudes
4of the currents ∆InlL and ∆I
nl
R are in good agreement with the
theory, but their symmetric and anti-symmetric combinations
∆ICPS = ∆InlL +∆I
nl
R and ∆IEC = ∆I
nl
L −∆InlR exhibit the expected
gate voltage dependence, providing a convincing support of
the nonlocal coherent thermoelectric effect in our device.
Next, we discuss local thermoelectricity. Since, as noted,
the non-local currents are relatively small, one can treat the
measured currents foremost as local, IL(R) ' IlocL(R). The mea-
sured thermoelectric current of the left quantum dot is shown
in Fig. 4a. The lowest curve in this panel shows the dimen-
sionless conductance of the left quantum dot gL = hGL/e2 as
a function of the side gate voltage Vsg,L. Thermoelectric cur-
rent IL, depicted by the upper curves of Fig. 4a, varies with
the same period as the conductance. Its magnitude grows
with the increasing heating power P as ImaxL ∝ P1/3, which
is consistent with Gth ∝ T 3 for the thermal conductance be-
tween electrons in graphene and phonons in the substrate. The
maximum thermal power of the left quantum dot reaches a
value of αmax = max{IL/GL(TL − TS )} ≈ 250 µV/K, which is
close to the values reported in Ref. 28. Since we cannot re-
liably measure the temperature of the superconductor TS , we
set TS = (TL + TR)/2 in evaluating αmax and in our theory
modeling. In Fig. 4a we also show the local thermal current
predicted by the theory of Andreev reflection with energy-
dependent transmission probability [30]; the same theory was
earlier employed in deriving the non-local contributions using
Eq. (2). In the local case, only those quasiparticles with ener-
gies above the superconducting gap, |E| > ∆, contribute. The
zero temperature value of the gap ∆0 is set by the transition
temperature Tc = 1.0 K of the Al/Ti leads, and the transmis-
sion probability of the dot τL(E,Vsg,L) is inferred from the ex-
perimentally measured conductance gL(Vsg,L), as explained in
SI Note 5. We find rather good agreement between theory and
experiment except for the lowest values of the heating voltage.
This agreement provides further confirmation for our model.
In the low temperature regime, the coherent model predicts
very small current due to lack of quasiparticles, while the ex-
perimental thermal current remains significant and exhibits
additional sign changes in the vicinity of some of the con-
ductance peaks. These features can originate from non-zero,
thermally-induced voltages across the dots. To capture these
effects, we propose that electrons may undergo quick inelas-
tic relaxation, see SI Note 5. This introduces incoherent ef-
fects that facilitate description of quantum dots and NS inter-
faces as independent conductor elements connected in series.
The results of such an inelastic model are shown in Fig. 4b.
The incoherent description accurately predicts the character
of the local thermoelectricity at small temperatures. Inciden-
tally, although at odds with the effect of local thermoelectric-
ity, the non-local currents are dominantly determined by co-
herent electrical transport.
This foundational work has demonstrated the use of ther-
mal gradient as primus motor for generating entangled elec-
trons in graphene Cooper pair splitter. As the quantum dots in
the device can be tuned individually, we are able to tune the
device operation between EC and CPS regimes, thereby ac-
complishing direct control of two streams of entangled elec-
trons. This type of scheme is useful not only for enabling
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FIG. 4. Drive dependence of thermoelectric current. a, Upper
curves: thermal current in the left quantum dot IL,exp vs. gate voltage
Vsg,L measured at heating voltages Vh = [5, 9, 19, 25, 29] mV where
Vh = 5mV is the blue curve and 29 mV is the red curve. We estimate
the induced temperature difference between the left and right quan-
tum dots to be TL−TR ' 17 mK for Vh = 5 mV, and TL−TR ' 59 mK
for Vh = 29 mV. Middle curves: theory predictions based on the co-
herent model (see SI Note 4) for the thermal current IL,theory plotted in
the same manner as the upper curves for Vh = [5, 10, 20, 25, 30] mV.
The gap of Al/Ti leads is set to ∆0 = 150 µeV at T = 0 while the BCS
gap formula ∆(TS ) with TS = (TL + TR)/2 defines the T dependence.
Lowest curve: experimental conductance of the left quantum dot. b,
Incoherent modeling for the low temperature regime: theoretical fits
(dashed) to the measured thermoelectric currents IL and conductance
gL (solid) at Vh = 7 and 11 mV, blue and red curves, respectively.
The model is based on the assumption that the system may be split
into the coherent subsystems which, in turn, are joined incoherently
into a circuit. Details of the model and fitting parameters are given
in SI Note 5.
5devices where electrical drive is neither possible nor desired,
but also as a platform for realizing quantum thermodynamical
experiments.
METHODS
A. Samples and fabrication
Our graphene films were manufactured using mechani-
cal exfoliation of graphite (Graphenium, NGS Naturgraphit
GmbH) and placed on a highly p++ doped silicon wafer,
coated by 280-nm-thick thermal silicon dioxide. The conduct-
ing substrate was employed as a backgate for coarse tuning of
the graphene quantum dots, while fine tuning was performed
by adjusting the side gates. Electron beam lithography (EBL)
on PMMA resist was used to pattern a mask for plasma etch-
ing of the graphene structures. A second EBL step was carried
out to expose the pattern for electrode structures, followed by
deposition of Ti/Al (5nm/50nm, superconducting Tc = 1.0 K)
leads using an e-beam evaporator.
The strong p++ doping and the interfacial scattering at the
Si/SiO2 interface reduce the phonon mean free path in the sub-
strate to one micron range, which facilitates the use of the heat
diffusion equation for estimating thermal gradients along the
substrate near the graphene ribbon heater and the splitter. Heat
transport analysis was done separately for each component in-
volved in the operation of the CPS, as well as a COMSOL
simulation, see SI Note 1).
B. Measurement scheme
Our conductance and thermoelectric current measurements
employed regular lock-in techniques at low frequencies. The
galvanically-separated heater was driven at f = 2.1 Hz, with
an ac voltage amplitude ranging between 1 − 40 mV (for data
without galvanic separation, see SI Note 3). Because the
resistance R of the graphene ribbon heater was independent
of temperature in its regime of operation, the heating power
P = V2h/R was fully governed by the voltage Vh. The heat-
ing power oscillated at frequency 2 f = 4.2 Hz, which resulted
in thermoelectric currents at 4.2 Hz, recorded using a lock-
in time constant of 1 sec. The thermal response time of our
device appears to be well below 1 ms, i.e. much less than a
measurement period, so that the thermal response is not sup-
pressed. The use of such a low frequency for the experiments
was dictated by the need to eliminate the capacitive coupling
between the wires in the measurements.
The local temperature was monitored using two SGS junc-
tions. At low temperature, because of proximity effect,
graphene becomes superconducting, with a supercurrent ex-
ponentially proportional to temperature: ∼ exp(−T/ETh).
Here ETh = ~D/L2SGS stands for the Thouless energy given
by the length of the SGS section LSGS and the diffusion con-
stant D ∼ 12 vFλ, where the Fermi velocity vF = 8 × 105 m/s
and λ is the charge carrier mean free path of graphene. Us-
ing λ ' 20 nm for graphene on SiO2 and LSGS = 200 nm,
we estimate ETh ' 1305 µ eV for our SGS thermometers.
This yields for the optimum thermometer sensitivity around
T ' 0.3 K, with tendency towards saturation below T < 0.2 K.
However, the maximum differential resistance at the gap edge
still grows with decreasing temperature below T = 0.2 K.
The absence of clear hysteresis of the SGS junctions is as-
signed to the ”built-in shunts” provided by the surrounding,
non-proximitized graphene.
We have used the amplitude of the differential resistance
peak Rmaxd vs. T to infer the effective local temperature within
the graphene sample. The SGS temperature under the voltage
bias Vh in the graphene ribbon heater was obtained by direct
comparison between Rmaxd and the heating power to the value
of Rmaxd recorded when varying the cryostat temperature. As
detailed in SI Note 2, we obtain the relation TSGS ,L = 9.1 ×
V0.70h + 90 mK between the SGS L temperature and the heating
voltage (Vh in Volts). For the SGS R thermometer we obtained
an estimate TSGS ,R ' 8.4 × V0.70h + 90 mK.
C. Theoretical modeling
Our theoretical calculations are based on both coherent
and incoherent modeling of transport. In coherent model-
ing, we employ the Landauer approach with Andreev reflec-
tion [29, 31] for calculating the local thermoelectric current;
Lorentzian resonance line shapes are employed for transport
in the quantum dots [30, 32–34]. For the non-local cur-
rent, we employ a standard crossed Andreev reflection for-
malism [2, 35–37]. In our incoherent theory, based on scat-
tering matrix formalism [1, 4, 38], we also include the influ-
ence of internal thermally-generated current sources and their
“back-action” effect owing to the environmental impedance
caused by graphene ribbons. The inclusion of the back-action-
induced voltage sources makes the incoherent calculation self-
consistent. For details of the calculations, we refer to Notes 4
and 5 of SI.
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7SUPPLEMENTARY INFORMATION
This supplement provides additional details on experimental and theoretical analysis of our results. We begin with thermal
modelling of our Cooper pair splitter device and discuss thermal transport in various parts of the sample, starting from the
graphene heater and its electron-phonon coupling, down to small scale thermal gradients between the two quantum dots on SiO2
(Note 1). In Note 2, we provide differential resistance data on the SGS superconducting junction thermometers and discuss how
we can determine the thermal gradients in our samples using calibrations based on the SGS junctions. Additional thermopower
data at finite bias is provided in Note 3 in order to stress the importance of having a galvanically separated heater for inducing
well-defined thermoelectric currents. Note 4 contains details of our theoretical models. We present the theory of thermal
transport in a system consisting of two quantum dots coupled to two separate normal leads and one common superconducting
lead (cf. Fig. S6 for the setting). In Note 4 we describe the coherent transport model, which appears to agree well with the
experimental results. In Note 5, we discuss the incoherent transport regime. This model helps to account for additional sign
changes in the local thermal current at low heating power which are seen in the experiments, but not captured by the coherent
model.
NOTE 1: MODELING HEAT TRANSPORT IN THE SYSTEM
Fig. S1 displays a schematic heat flow diagram of our graphene Cooper pair splitter device. The heater, the graphene
Josephson junctions thermometers (SGS L and SGS R), and the quantum dots (QDL and QDR) are all lying on a SiO2/Si substrate.
We have left out the Al electrode which connects thermally QDL and QDR owing to quasiparticle resistance. According to theory,
the important temperatures for non-local thermoelectric effects are those of the left and right normal reservoirs, TL and TR which
are formed by the large graphene pieces before the narrow graphene constrictions making the connections to the dots. For the
local thermopower also the temperature of the superconductor, TS , is relevant.
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FIG. S1. Heat flow model across our 8-µm-long sample displaying electron and phonon systems in graphene (heater, and superconducting
junctions SGS L and SGS R), as well as phonon system of the substrate. Heat is brought in by Joule heating P = V2h /Rh with Rh ∼ 20 kΩ at a
typical charge carrier density of n = 4 × 1011 cm−2. The electron-phonon coupling in the graphene ribbon heater is expected to be dominated
by impurity-assited acoustic phonon scattering (supercollisions) [39], while the phonon-phonon heat transport to the substrate is weakened by
Kapitza mismatch at the interfaces. Compared with thermal conductivity of the strongly doped Si, the Kapitza resistance between Si and SiO2
can be neglected (The Kapitza resistance corresponds to approximately 4 µm layer of our doped Si.) For electrically conducting parts, the
electrical heat diffusion governed by the Wiedemann-Franz law is included as relevant. Warm (reddish) colors indicate higher temperatures
(close to Te,max = 80 K), while bluish colors denote lower temperatures (close to the base temperature T = 90 mK). The total thickness of the
sample is 525 microns (not to scale).
Thermal gradient between the two quantum dots is produced by heat flow imposed across the substrate underneath the sample.
Establishment of local substrate temperature requires sufficient amount of scattering of phonons, i.e. small enough mean free
8path for them (see Sect. D 1). In our analysis we assume that the local temperatures TL, TS , and TR can be approximately defined
on sub-micron length scales, which is on the order of the separation of the two graphene reservoirs with the SGS thermometers.
The thermal analysis of our system can be divided into four parts: 1) thermal flow in the heater, 2) thermal flow from the
heater to the substrate, 3) thermal flow on the SGS thermometer, and 4) thermal flow along the substrate.
A. Thermal flow in graphene heater
The simplest model for the temperature rise in the graphene ribbon heater is provided by the hot electron model. This allows
us to estimate the electronic temperature of the graphene electrons using the formula: Te =
√
3
8
eV
kB
, which yields Tmaxe ∼ 80
K at the highest employed heating voltages. This temperature represents an average over the heater electrons and the actual
temperature distribution over the wire is approximately quadratic with the end temperatures fixed according to the heat balance
in the graphene reservoirs of the ribbon.
In order to evaluate the validity of the hot electron model, let us consider the behavior of electronic temperature at the ends of
a wire coupled to two wide graphene leads as depicted in Fig. S2.
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FIG. S2. Model geometry of the graphene ribbon heater (size L×w) which is connected to two wide, half-infinite-plane graphene reservoirs at
the ends. This geometry was employed for the analysis of the relaxation of Te outside the heater section. The radius r0 determines the border
of the region where electronic heat diffusion can be regarded as small.
The temperature both in the ribbon and in the graphene leads can be found from the basic heat transport equation
pi2k2Bσ
6e2
∇2T 2e +
j2
σ
− Σsup(T 3e − T 3ph) = 0, (S1)
where σ is the conductivity per square, j is the current per unit width ( j = I/w) and the electron-phonon heat flow per unit
area equals Σsup = 7.5 × 10−4 D2n˜skF` according to the experimental supercollision results [39, 40]; here D ' 70 eV denotes the
deformation potential (in eV) and n˜s is the charge carrier density (in units of 1012 cm−2). Using the above numbers, we obtain
approximately equal heat fluxes for electron-phonon coupling in the heater and the electronic heat flux at the heater ends. Thus,
Tmaxe becomes lowered to ∼ 50 K.
Outside the narrow section of the heater, j = I
pir in the graphene lead at a distance r from the end of the ribbon. At large bias,
electron-phonon coupling dominates and the temperature in the graphene near the heater ends equals to
TS (r) =
(
T 3ph +
j(r)2
σΣsup
)1/3
. (S2)
A characteristic length scale for the decay of the heat flow along graphene reservoir can be obtained by equating the local
variation of the gradient term in Eq. S1 to the change in heat flux due to electron-phonon coupling. The characteristic thermal
relaxation length scale LT (TS ) becomes
LT (TS ) =
√
pi2k2Bσ
6e2ΣsupTS
. (S3)
At TS = 1 K, we obtain LT = 2.3 µm using a carrier concentration of ns = 4 × 1011 cm−2 which is close to our experiments at a
back gate voltage 5 V. Since this length decreases with temperature, it is evident that Te decreases quickly in the leads and that
most of the heating power is deposited to the substrate within and near the heater.
9The Kapitza resistance between SiO2 and graphene will enhance T of graphene phonons upto ∼ 2 K, when the electronic
temperature is 10 K. This will change slightly the above relaxation length, but it is still the supercollision cooling with coupling
Σsup(T 3e − T 3ph) that governs thermal relaxation of the electrons.
B. Thermal flow from the heater to the substrate
On the basis of the smallness of the thermal relaxation length in Eq. S3, we assume that most of the heater power is deposited
to the substrate within the area of the graphene ribbon heater and its immediate neighborhood. Using 2 µm2 for the thermal
contact area, AK = 500 Wm−2K−4 for Kapitza conductance (P = 14AK(T
4
h − T 4s ) with temperatures Th and Ts on the opposite
sides of the interface) [41], we obtain a phonon temperature of Th ∼ 9 K in graphene at 40 mV heating voltage. This elevated
phonon temperature will relax along the substrate via phononic thermal conductance.
C. Thermal flow on the SGS thermometer
The SGS thermometers are formed by two-terminal, Al/Ti-contacted graphene parts in the center of large pieces of graphene.
They are made in such a way that there is an uninterrupted path of non-superconducting graphene connecting the thermometer
to a quantum dot. This guarantees smooth thermal flow along the thermometer area without any strong suppression in the heat
conductivity due to proximity-induced superconducting gap (note that the graphene electrode is fully crossed by a superconduct-
ing lead at the further end of the thermometer, see Fig. 1 of the main paper). The purpose of these SGS devices is to track the
temperature of the electronic graphene reservoirs that govern the distribution of incoming electrons/holes on the graphene quan-
tum dots. The large area of the SGS devices guarantees that their temperature will well track the temperature of the substrate,
independent of a possible heat input coming along the graphene ribbons from the dots.
The operating range of our SGS thermometers is up to 0.8 K, which facilitates thermopower studies up to rather substantial
thermal gradients. At a typical thermometer temperature of 0.5 K, we obtain a characteristic relaxation length of 3.3 µm using
Eq. S3. This is larger than the extent of thermometer along the heat flow direction. Consequently, we will take a spatially
independent temperature for the SGS thermometer. In order to determine how the SGS thermometer averages over the spatially
dependent substrate temperature Ts(x), we assume that the heat flow balance between SGS and the substrate remains zero. This
yields the integral condition
∫
(T 3SGS −T 3s (x))dx = 0. At low temperature with small dT 3s (x)/dx, one may obtain a simple estimate
for TSGS '
[
1
2 (T
3
l + T
3
r )
]1/3
for the temperature recorded by the thermometer; here Tl and Tr denote the temperature at the left
and right edges of the thermometer region, respectively.
D. Thermal flow along the substrate
1. Local phonon temperature and heat diffusion
For application of the regular heat diffusion equation, small mean free path of phonons is essential. In clean silicon, the
mean free path of phonons can be on the order of 100 microns, which would lead to problems in defining a proper substrate
temperature across our CPS device having a size smaller than 10 µm. However, the interfacial scattering at the SiO2/Si interface
and the strong impurity doping of the Si++ material decrease the mean free path of phonons substantially. Typically in case of
thin layers and rough surfaces at an interface, the phonon mean free path is limited to a value of the order of layer thickness
[42] (Casimir limit). Thus, in our case `ph ∼ 300 nm in the SiO2 that is in thermal contact with the CPS device. Owing to the
relatively small `ph, we argue that the heat diffusion equation can be employed to deduce approximate temperature distribution
along the substrate across the area of the graphene reservoirs of our Cooper pair splitter.
2. COMSOL simulations for temperature difference between the dots
The heat diffusion equation was solved using COMSOL multiphysics. The geometrical model used in the simulations (see
Fig. S3) is a simplified version of the real device presented in Fig. 1 of the main text. Our simulations using exact sample
dimensions focused on the temperature profile on the surface along the line drawn through the heater and both quantum dots.
Best available data on materials parameters were employed in calculating thermal gradients along the substrate. The graphene
heater power was inputted only over the actual heater size, which slightly increased the maximum temperature of the SiO2 but
this was deemed irrelevant further away from the heater which was the main region of interest.
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In order to achieve most realistic temperature profile, we employed temperature dependent heat conductivities both for the
phonon thermal conductance as well as for the metallic heat diffusion. The mean free path of phonons influences strongly the
thermal conductivity (see Sect. D 1). We employed κS iO2 = 0.01 × T 2 W/(mK3) [43], κgr = 0.02 × T 2 W/(mK3) [44, 45], and
κS i++ = 0.01(T/K)2 W/mK3 [46] for thermal conductivities of SiO2, graphene, and strongly doped silicon, respectively. For
dynamical calculations, we also specified heat capacities CS iO2 = 3×10−3×T 2 J/(kgK3), Cgr = 1×T J/(kgK2), and CS i++ = 10−3
J/(kgK3), respectively.
Fig. S3 displays simulation results for the spatially dependent temperature T (x) on the surface of the SiO2 layer as a function
of the distance x from the heater along the central symmetry axis intersecting the two quantum dots and the center of the graphene
ribbon heater. The simulated trace at Vh = 40 mV yields ∆T = 72 mK for the temperature difference between the two red lines
marking the edges of the SGS graphene thermometers. The flatter regions before and after the steep section between the red
lines is due to the large phononic conductance of graphene. Note that the regions would be even flatter if the electron-phonon
coupling and the electronic heat conductance κe in graphene would have been included. This omission of κe also renders the
modification of electrical thermal conductivity by the induced superconducting gap irrelevant for the simulation.
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FIG. S3. (a) 3D model used in the COMSOL simulations. The large block represents the 525 µm thick doped Si substrate, the layer on top
of that is 300 nm of SiO2, and the three rectangles on top of SiO2 represent graphene pieces on top of the SiO2 layer. Brighter (yellow) color
indicates higher temperature. (b) Simulated temperature at Vh = 40 mV depicted along the red line in (a) on the left, from the center of the
heater through the quantum dots. The red markings indicate the locations of graphene reservoir regions (the edges of the area where the SGS
thermometers are located) and the corresponding temperature drop ∆T ' 72 mK. c) Temperature at the left quantum dot obtained from the
Comsol model (blue dots), and experimental heater calibration of Eq. S4 plotted as a function of the heater voltage. d) Temperature at the
heater (blue) and TQD,L (red) presented as a function of time when the heater power is modulated sinusoidally at maximum heating power
(Vh = 40 mV) using frequencies f = 0.1 MHz, 1 MHz, and 2 MHz indicated on top of the figures.
The COMSOL simulation was also used to estimate the thermal time constant of the system. This was done by looking at the
phase difference between the heater temperature Th and TQDL as the heater modulation frequency was increased. The results are
presented in Fig. S3d at frequencies 0.1, 1, and 2 MHz. The simulation demonstrates that at 100 kHz the phase difference is still
negligible, while at higher frequencies it starts to grow. Thus, we can conclude that the time constant τ < 0.01 ms and steady
state approximations can safely be applied to our measurements at f < 10 Hz.
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NOTE 2: CALIBRATION OF HEATER VOLTAGE VS. SGS JUNCTION TEMPERATURE
Once calibrated, the heater voltage could be used for specifying the temperature difference across our Cooper pair splitter.
This was useful, in particular because of the poor resolution of the SGS R thermometer, which imposed long measurement times
for good accuracy. The poor resolution of SGS R was due to lack of measurement wires in the cryostat, which forced us to
connect the SGS R thermometer in a 2-wire configuration.
Warming cryostat
Local Joule heating
FIG. S4. Measurement data sets employed for obtaining a relation between the heater voltage Vh and the SGS junction temperature TSGS L .
Upper left frame: (left) Logarithm of the differential resistance of the SGS L junction displayed on the cryostat temperature vs. dc bias current
plane. (right) Peak resistance value of Rd vs. equilibrium temperature Tcryostat while warming the cryostat. Lower left frame: (left) Differential
resistance of the SGS L junction vs. dc bias current at different heating powers applied to the galvanically-separated graphene ribbon heater
(Vh = 0 . . . 40 mV). (right) Peak resistance value R
peak
d = maxRd(IDC) vs. heating voltage. Right frame: Data for the peak value R
peak
d scaled to
match the maximum sub-gap value of Rd(T ) using Eq. S4.
The temperature of SGS L w.r.t. the heater voltage was calibrated by measuring the IV characteristics of the SGS L as a function
of the heater voltage Vh and the equilibrium cryostat temperature Tcryostat. The obtained differential resistance Rd characteristics
are presented in the left frames of Fig. S4, in which the decrease of the superconducting gap with increasing Vh and Tcryostat can
be seen clearly. At the edge of the gap, we traced the maximum differential resistance, Rpeakd = maxRd(IDC), both as a function
of Vh and Tcryo. The observed traces can be made to overlap each other by adjusting the x-scale, i.e. by mapping the voltage
scale to a corresponding temperature scale. The obtained scaling relation for SGS L is given by:
TL = (9.1 · V0.7h + 0.09) K, (S4)
where Vh is in volts. Note that there is an ”offset” of 90 mK that we interpret as the effective electron temperature in graphene at
the cryostat base temperature when no heating is applied. For SGS R, we obtain the relation TR = (8.4 · V0.7h + 0.09) K .
Note that the exponent of the heater voltage, 0.7, is approximately consistent with T 3L ∝ V2h (and T 3R ∝ V2h ) that would
in turn be consistent with the cooling P ∝ T 3 being dominated by acoustic phonons, for which the thermal conductivity κph ∝ T 3.
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NOTE 3: ADDITIONAL DATA ON BIAS-INDUCED THERMOPOWER
The thermoelectric current measured in the main paper was purely driven by temperature gradient, without any bias applied on
the Cooper pair splitter. We also performed experiments where the thermoelectric response was investigated without a separate
heater. Bias current in the graphene ribbon connecting the QDs to the graphene reservoirs leads to heating which creates basically
local thermopower phenomena with symmetry properties close to the non-local phenomena. Because of this, the central figures
in the main paper (Figs. 3 and 4) contain only data with plain thermal drive.
Fig. S5 shows results on thermoelectric current in a Cooper pair splitter driven by a voltage bias on one of the quantum dots.
In this case, thermoelectric effects and the bias-induced CPS and EC will mix together in the behavior. Fig. S5a and S5b display
the currents of the two dots IL and IR measured at ω as function of the dc bias Vb and the side gate voltage Vsg,L on QDL; here dc
and ac voltage bias is applied only on QDR with the middle superconcucting lead grounded. The current IL shows different sign
with positive and negative dc bias Vb on QDR. In addition, IL changes its sign when Vsg,L crosses Vsg,L = 0.72 V, at which the
energy level of QDL matches the Fermi energy. Ac current IR, however, is insensitive to the Vsg,L.
Figs. S5c and S5d display IL and IR as functions of dc bias Vb on QDR and the side gate voltage Vsg,R. Here IL changes its
sign, when Vb crosses zero, but it retains its sign when Vsg,R crosses Vsg,R = 0.535 V, at which the energy level of QDR matches
the Fermi level. Note that the observed variation of IL as function of Vsg,L, Vsg,R and Vb can be explained by considering heating
due to Vb and local thermoelectric currents induced by the ensuing thermal gradients between QDL and the superconductor.
Unfortunately, there are no means to single out the non-local thermoelectric effects in these sets of data.
If QDR is ac biased at ω without any dc, we obtain Fig. S5e for the current I˜L in QDL at 2ω. The thermoelectric current in
QDL changes its sign while the energy level tuned by Vsg,L crosses the Fermi energy. On the contrary, I˜L keeps its sign as the
energy level is tuned by Vsg,R across the Fermi surface. These results are consistent with those in Figs. S5a-d.
Although the observed data in Fig. S5 are similar to those in Figs. 3 and 4 in the main paper, and apparently non-local
effects according to this similarity in symmetry and asymmetry, they can be explained using bias-induced heating and local
thermoelectric effects induced by thermal gradients. In Figs. S5a and S5c, the dc and ac bias applied to QDR causes heating in
the middle Al lead. When the dc bias is positive, the heating in the Al lead will be in the same phase with the ac bias of QDR:
i.e. the heating in Al follows the maximum and minimum of the ac bias on QDR. When the dc bias is negative, however, the
maximum heating will coincide with minimum of the ac, and the heating in the middle Al will be phase shifted by pi from the
ac bias on QDR. Hence, in Figs. S5a and S5c, the thermoelectric current IL has an opposite sign at positive or negative dc bias.
In Fig. S5a, IL changes its sign due to the same reason as in Fig. 2a (main text) when Vsg,L crosses Vsg,L = 0.675 V. Because
the heating in the middle Al lead is equal at left and right fo the conductance peak of QDR, IL keeps the same sign while energy
level of QDR crosses Fermi level in Fig. S5c.
Even when using the 2ω method, driving QDR at ω, measuring IL at 2ω, the same heating argument can be employed to
explain the observed bahavior in Fig. S5e. In the absence of bias voltage, the heating is now at 2ω, at which the signal then
appears. These data have strong resemblance with the result in Fig. 4d in the main paper. The current IR at ω is depicted in Fig.
S5f.
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FIG. S5. Splitting at finite bias: competition of CPS, EC and local thermoelectric effects. (a) Ac current measured on QDL as a function
Vsg,L while sweeping the dc bias Vb on QDR at Vsg,R = 0.535 V (b) Ac current of QDR as a function of Vsg,L while sweeping dc bias on QDR
at Vsg,R = 0.535 V. (c) Ac current of QDL as a function of Vsg,R while sweeping dc bias on QDR at Vsg,L = 0.72 V. (d) Ac current of QDR as a
function of Vsg,R while sweeping dc bias on QDR at Vsg,L = 0.72 V. In all of these measurements a-d, QDR was also biased using 20 µVrms at
2.1 Hz for ac measurements. (e) Apparent non-local thermoelectric effects due to variation in Joule heating across the resonance. Current I˜L
(at 2ω) of QDL measured over Vsg,L and Vsg,R plane using an ac bias of 50 µV on QDR. (f) The corresponding current IR of QDR measured at ω
over Vsg,L and Vsg,R plane. Notice the resemblance of frame (e) with the non-local thermoelectric current patterns in Fig. 3 of the main paper.
Here, the large ac excitation leads to gate voltage dependent heating in QDR, which leads to variation of T with the same symmetry properties
as the non-local thermoelectric effect with constant thermal gradient.
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NOTE 4: THEORETICAL MODELING: COHERENT TRANSPORT IN N-DOT-S-DOT-N SYSTEM
FIG. S6. Schematics of an N-dot-S-dot-N system. Two quantum dots with the energy levels εL,n and εR,n are coupled to the common super-
conducting lead with the gap ∆ and the temperature TS , and to the two different normal bulk leads with the temperatures TL (left lead) and TR
(right lead). The tunneling rates between the dots and the superconductor are γL,n and γR,n, while the tunneling rates between the dots and the
normal leads are ΓL,n and ΓR,n. Bias volatges VL and VR can be applied to the outer leads, and the side gate potentials Vsg,L and Vsg,R allow one
to shift the energy leves εL,n and εR,n. The potential of the superconductor is supposed to be zero. The electric currents IL and IR flow through
the quantum dots into the superconductor.
In this note we outline the theory of thermal transport in the system consisting of two quantum dots coupled to two separate
normal leads and one common superconducting lead. The schematics of it is shown in Fig. S6. Here, we describe the coherent
transport regime, which rather well describes the main findings of our experiment. The additional sign changes in the local
thermal current at low heating power which are not captured by the present description are explained within the incoherent
model discussed in Note 5.
We assume that the conductances of the dots are high enough so that the dots enter the Fabry-Pe´rot regime, and one can ignore
Coulomb blockade. We split the energy levels in both dots into two groups: well coupled to the leads levels ε j,n (here the index
j = L,R indicates the left and right dot, respectively, and n enumerates the energy levels within one dot), and poorly coupled to
the leads levels ε′j,n. The hopping rates of electrons between the levels ε j,n and the normal leads, which in our experiment are big
graphene flakes, are denoted by Γ j,n, while the hopping between the dots and the superconducting lead is set by rates γ j,n. The
energy levels can be tuned by side gate potentials Vsg, j as
ε j,n(Vsg, j) = a j(Vsg, j − Vmax, j,n), ε′j,n(Vg j) = a j(Vsg, j − V ′j,n). (S5)
Here the constants a j are determined by the ratios of the gate and the dot capacitances, and Vmax, j,n are the gate voltages at which
the conductance of the corresponding dot exhibits a peak and reaches a local maximum, and V ′j,n are the gate voltages at which
the energies of the ”dark” states ε′j,n become equal to zero. From the experiment we approximately find
aL ≈ 0.003 eVV , aR ≈ 0.01
eV
V
. (S6)
Bias voltages V j are applied to the metallic leads, while the potential of the superconductor equals zero.
A. Local electric current in the normal state
In this section, we recall some well known results and consider fully normal system assuming ∆ = 0. Since we neglect the
Coulomb blockade, transport of charge through the quantum dots is well described by the Landauer formula,
Ilocj =
2e
h
∫
dE τ j(E,Vsg, j)[ f j(E − eV j,T j) − fS (E,TS )], (S7)
where the superscript ”loc” indicates the local character of the current (i.e. Ilocj can be evaluated assuming that the other quantum
dot does not exist), h is Planck’s constant, τ j(E,Vsg, j) is the transmission probability of the dot,
f j(E − eV j,T j) = 11 + e(E−eV j)/kBT j , fS (E,TS ) =
1
1 + eE/kBTS
(S8)
are the electron distribution functions in the bulk normal lead j and in the superconductor, V j is the electric potential applied to
the lead j, T j is the temperature of the lead j, and TS is the temperature of the central electrode. The factor 2 in front of Eq. (S7)
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accounts for the spin degeneracy. We use two models for the transmission probability: (i) simple resonant tunneling model, in
which τ j(E,Vsg, j) is given by a sum of Lorentzian peaks, each coming from one of the energy levels,
τ j(E,Vsg, j) =
∑
n
γ j,nΓ j,n(
E − ε j,n(Vsg, j)
)2
+
(γ j,n+Γ j,n)2
4
, (S9)
and (ii) a model with Fano resonances, in which
τ j(E,Vsg, j) =
∑
n
γ j,nΓ j,n(
E − ε j,n(Vsg, j) − |t j,n |2E−ε′j,n(Vsg, j)
)2
+
(γ j,n+Γ j,n)2
4
. (S10)
Here t j,n is the hopping amplitude between the energy level ε j,n, which is coupled to the leads, and to one of the closely lying
uncoupled (dark) levels with the energy ε′j,n. Of course, for some peaks one can have t j,n = 0, and in this case the transmission
has the same Lorentzian shape as in Eq. (S9).
According to Eq. (S7), the zero-bias dimensionless conductance of the dot in the zero temperature limit has the form
g j(Vsg, j) =
h
e2
dI j
dV j
∣∣∣∣∣
V j=0
= 2τ(0,Vsg, j). (S11)
In the limit kBT j, kBTS  Γ j,n + γ j,n and for V j = 0, Eq. (S7) reproduces the Mott formula for thermal currents
I j =
pi2
3
ek2B
h
∂τ(0,Vsg, j)
∂E
(T 2j − T 2S ). (S12)
The derivatives of the transmission probabilities over the energy E can be converted into the derivatives over the gate potentials
if one uses Eqs. (S9,S10) in combination with the gate efficiency relations in Eq. (S6). In this way, one finds
I j = −pi
2
6
ek2B
a jh
∂g(Vsg, j)
∂Vsg, j
(T 2j − T 2S ). (S13)
The corresponding thermopower, or the Seebeck coefficient, is given by
α j = lim
T j→TS
∆V j
T j − TS
∣∣∣∣∣
I j=0
= lim
T j→TS
hI j
e2g j(Vsg, j)(T j − TS )
∣∣∣∣∣
V j=0
=
pi2
3
k2BTS
ea j
1
g j(Vsg, j)
∂g j(Vsg, j)
∂Vsg, j
. (S14)
Eqs. (S13, S14) allow us to estimate the expected values of thermoelectric currents and the thermopower once the dependence
of the zero bias conductance on the gate voltage has been measured. Eq. (S13) also determines the sign of the thermoelectric
current and the values of the gate voltage at which it equals to zero.
B. Local electric current in the superconducting state
In this section, we assume that the central lead of the system shown in Fig. S6 is superconducting. In this case, the local
transport properties of the individual dots are described by the theory of Andreev reflection at NS interfaces [29, 31], which
needs to be generalized to the case of energy dependent transmission probability. For the resonant tunneling model, such
generalization has been presented, for example, in Ref. 30. The result of Ref. 30 can be transformed to the form
Ilocj (E,Vsg, j) =
e
pi~
∫
|E|<∆
dE
∆2[ f j(E − eV j) − f j(E + eV j)]
(∆2 − E2)
[(
2
τ j(E˜ j,Vsg, j) − 1
) (
2
τ j(−E˜ j,Vsg, j) − 1
)
− 4E˜
2
j
Γ2j (Vsg, j)
]
+ E2
+
2e
pi~
∫
|E|>∆
dE
νS (E)
(
2
τ(−E,Vsg, j) − 1 + νS (E)
)
[ f j(E − eV j) − fS (E)](
2
τ(−E,Vsg, j) − 1 + νS (E)
) (
2
τ(E,Vsg, j)
− 1 + νS (E)
)
+ 4∆
2
Γ2j (Vsg, j)
ν2S (E)
, (S15)
which is convenient for the analysis of the experimental data. Here we have introduced the re-normalized energy E˜ and the
density of states in the superconductor νS (E),
E˜ j = E
√
1 +
γ j(Vsg, j)√
∆2 − E2
, νS (E) =
|E|√
E2 − ∆2
. (S16)
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We have also replaced the hopping rates of the individual levels Γ j,n and γ j,n by the gate-voltage-dependent expressions Γ j(Vsg, j)
and γ j(Vsg, j). In fact, Eq. (S15) provides a full description of the local transport through the quantum dots, and it can be used
beyond the resonant tunneling model. For example, Eq. (S15) accounts fully for the contribution of Andreev bound states, which
are formed in the dots due to their coupling to a superconducting lead, and which have been observed in InAs [32] and in carbon
nanotube quantum dots [34]. If the transmissions τ j do not depend on the energy and Γ j  ∆, Eq. (S15) reduces to well known
result by Blonder Tinkham and Klapwijk [31]. In the limit ∆ = 0, Eq. (S15) takes the Landauer form (S7). Finally, according to
Eq. (S15) in the low temperature limit, kBT j, kBTS  ∆,Γ j,n + γ j,n, the zero bias conductance of the dot j acquires the form
g j(Vsg, j) =
h
e2
∂I j
∂V j
∣∣∣∣∣
V j=0
=
4τ2j (0,Vsg, j)(
2 − τ j(0,Vsg, j)
)2 , (S17)
which, as expected, coincides with the prediction of the theory of Andreev reflection at low energies[29].
For an asymmetric quantum dot with low transmission, τ j(E)  1, and for eV, kBT j, kBTS ,Γ j, γ j  ∆, Eq. (S15) reduces to a
simple expression
Ilocj (E,Vsg, j) =
e
2pi~
∫
dE τ j(E,Vsg, j)τ j(−E,Vsg, j) [ f j(E − eV j) − f j(E + eV j)], (S18)
which contains the product of the transmission probabilities for an incoming electron, τ j(E,Vsg, j), and for a reflected hole,
τ j(−E,Vsg, j).
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FIG. S7. (a) and (b) — measured zero bias conductance of the left and right quantum dots. (c) and (d) — normal state transmission probabilities
τL(Vsg,L) and τR(Vsg,R) obtained by applying the transformation of Eq. (S19) to the experimental conductance curves depicted in panels (a) and
(b); red dotted lines indicate fits with multiple Lorentzian peaks with slowly varying background.
Eq. (S17) in combination with the Lorentzian transmission probability of Eq. (S9) has been demonstrated to reproduce
accurately the shape of the conductance peaks in carbon nanotube quantum dots[33, 34]. We find that this model is also working
quite well for our graphene quantum dots. In Fig. S7 (a,b) we display the zero-bias conductance of the left and right quantum
dot, measured at TL = TR = TS = 90 mK, as a function of the side gate voltages Vsg,L, Vsg,R. Inverting the expression (S17) for
zero bias conductance, we obtain normal state transmission probabilities in the form
τ j(0,Vsg, j) =
2
√
g j(Vsg, j)
2 +
√
g j(Vsg, j)
. (S19)
Applying this transformation to the experimental data sets depicted in Figs. S7 (a,b), we get the normal state transmission
probabilities at zero energy τ j(0,Vsg, j). The latter are plotted in Figs. S7 (c,d) with blue lines. In the same figures, by red dotted
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lines we also show the fits of the transmissions τ j(0,Vsg, j) with multiple Lorentzian peaks in accordance with the predictions
of the resonance tunneling model (Eq. (S9)). The quality of these fits is rather good, especially for the left quantum dot. We
conclude, therefore, that the resonance tunneling model describes the quantum dots well.
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FIG. S8. Fits of the two selected zero bias conductance peaks of the left (a) and the right (b) quantum dots, measured at T = 90 mK, with Eq.
(S15), in which the transmission probabilities have the Fano resonance form (S10). Green arrows indicate weak additional peaks not captured
by the simple resonant tunneling model (S9). (a) One of the conductance peaks of the left dot; red dots show experimental data, black is the fit
to Eqs. (S10,S15) with the parameters γL = 98.3 µeV, ΓL = 6.04 µeV, tL = 10 µeV, εL−ε′L = 24 µeV. (b) Conductance peak of the right dot; red
dots – experiment, black line is the best fit to Eqs. (S10,S15) with the parameters γR = 260.2 µeV, ΓR = 20.8 µeV tR = 22 µeV, εR − ε′R = 155
µeV, blue line shows the theoretical curve with the parameters used in Fig. 4 of the main text, namely, γR = 252.4 µeV, ΓR = 20.4 µeV tR = 55
µeV, εR − ε′R = 120 µeV. The last set of parameters is used in Fig. 4 of the main text, in which the non-local contributions to the current are
plotted.
A closer look at some of the conductance peaks reveals deviations from the form predicted by Eq. (S17) with the Lorentzian
transmission probabilities (S9). In Fig. S8 we plot two representative peaks, one for each dot, and indicate by the green arrows the
features not captured using the resonant tunneling model. These features may be caused by various reasons. For example, they
may result from Coulomb interaction, inelastic relaxation processes, or Kondo effect, etc. They may also arise from overlapping
of the relevant energy levels. Here we fit these features using the Fano resonance model (S10), in which a conductance peak
splits into two closely lying peaks with different heights and widths. We believe that this is the most plausible explanation,
although we cannot fully exclude other options. This uncertainty, however, does not affect the expression for the non-local
current given below in Eq. (S25) and in the main text. Indeed, the latter contains only the effective transmission probabilities τ j,
which can be inferred from the conductance data, and, therefore, are not very sensitive to a specific model describing the features
of τ j(E,Vsg, j) and its parameter dependence. With the Fano resonance model, we have fitted the conductance peak of the left
quantum dot quite accurately, see Fig S8a. However, for the right dot we have adopted a more pronounced Fano resonance than
the conductance data would suggest (Fig S8b) in order to reproduce extra sign changes of the non-local thermal current in the
vicinity of this conductance peak (cf. Fig. 4 in the main text).
Having determined the zero-energy transmission probabilities of the quantum dots, τ j(0,Vsg, j), as functions of the gate volt-
ages, we make the replacement Vg j → Vg j + E/α j, where E is the energy of an electron, and in this way recover the full energy
dependence of the transmission probabilities. Then, we use the obtained energy-dependent transmission probability τL(E,Vsg,L)
to calculate theoretical thermoelectric currents, based on Eq. (S15), for different heating voltages. The result, displayed in Fig.
S7 of the main text, agrees rather well with the experimental findings apart for the magnitude of the current. We would like to
emphasize that, in this model, only quasiparticles with the energies |E| > ∆ contribute to the thermal current. That is why the
predicted values of the current at low heating powers, I j ∝ exp(−∆/T j), are very small. In the experiment, however, we observe
significant thermal currents even at the lowest heating voltages 1 mV < Vh < 5 mV. This observation may be explained, for
instance, by significant heating of the superconducting lead even at small heating voltages. Alternatively, it may be a result of
the induced thermal voltages, which can be explained by the incoherent tunneling model discussed in Sec. C.
For completeness, we provide the low temperature expressions for the local thermal currents, which follow from the general
expression of Eq. (S15) for VL = VR = 0 and in the limit TL,TR,TS  ∆/kB,
IlocL =
e
√
2pi∆
h
[τL(∆) − τL(−∆)]
[ √
kBTL e−∆/kBTL −
√
kBTS e−∆/kBTS
]
,
IlocR =
e
√
2pi∆
h
[τR(∆) − τR(−∆)]
[ √
kBTR e−∆/kBTR −
√
kBTS e−∆/kBTS
]
. (S20)
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C. Non-local contributions to the thermal current
The main focus of our study is Cooper pair splitting (CPS). It results from the crossed Andreev reflection process, in which
a single Cooper pair splits into two electrons injected into different quantum dots. It has been shown (see e.g. Refs. 2, 35–37)
that the probability of such a process is proportional to the product of the transmission probabilities of the two quantum dots,
τL,R(E), and the effective transmission probability of the superconducting electrode τS ,
τCPS(E) = τL(E)τS τR(−E). (S21)
Strictly speaking, Refs. 2, 35–37 deal with metallic normal leads, in which the transmission probabilities τL, τR do not depend
on the electron energy E. Correct energy dependence of these transmissions can be obtained by comparing the crossed Andreev
reflection probability of Eq. (S21) with the probability of ordinary Andreev reflection, in which both electrons are emitted in to
the same quantum dot. The latter probability appears in Eq. (S18) for the Andreev current through a low transmission quantum
dot and contains the product τ j(E)τ j(−E), in which an electron and a reflected hole have opposite energies. Clearly, the same
rule should apply to the crossed Andreev reflection, and in this way one arrives at the symmetry of Eq. (S21). The effective
transmission probability of the superconductor, τS , does not depend on the energy E if the quantum dots are placed close to each
other and the distance between them is less than the coherence length of the superconductor. This condition is approximately
satisfied in our experimental configuration. The parameter τS has the meaning of the probability for an electron emitted from
one of the dots to reach the other dot instead of flying away into the bulk of the superconductor. From the theory of disordered
superconductors based on the Usadel equation one formally finds [36]
τS =
4pi~RS
e2
, (S22)
where RS is the resistance of the superconducting lead in the normal state. Eq. (S22) is formally valid if the electron mean
free path le is much smaller than the distance between the dots. In practice, the value of τS is sensitive to the sample geometry,
granularity of the superconductor, quality of the contacts between the superconductor and the quantum dots, etc. Therefore, we
treat it as a fit parameter. We find that τS = 0.1 provides good fit of our data.
It is well known that in addition to the Cooper pair splitting process, elastic cotunneling also contributes to the non-local
transport. The probability of this process is given by the product [2, 35–37]
τEC(E) = τL(E)τS τR(E), (S23)
which differs from τCPS only by the replacement E → −E in the argument of τR. The approximate expressions in Eqs. (S21,S23)
are valid provided τCPS, τEC  1. This condition is well satisfied in our experiment.
The currents flowing through the quantum dots are given by the sum of local and non-local contributions,
IL = IlocL + ∆I
nl
L , IR = I
loc
R + ∆I
nl
R , (S24)
where the local currents are given by Eq. (S15), and the non-local corrections in the low temperature limit kBTL, kBTR  ∆ and
zero voltage drops across the dots, V j = 0, are expressed as
∆InlL =
eτS
h
∫
dE τL(E)
[
τR(E) + τR(−E)] [ 11 + eE/kBTL − 11 + eE/kBTR
]
,
∆InlR = −
eτS
h
∫
dE
[
τL(E) + τL(−E)]τR(E) [ 11 + eE/kBTL − 11 + eE/kBTR
]
. (S25)
One can also define the linear combinations of the non-local currents, which are determined solely by Cooper pair splitting or
elastic cotunneling,
∆ICPS = ∆InlL + ∆I
nl
R =
2e
h
∫
dE τCPS(E)
[
1
1 + eE/kBTL
− 1
1 + eE/kBTR
]
,
∆IEC = ∆InlL − ∆InlR =
2e
h
∫
dE τEC(E)
[
1
1 + eE/kBTL
− 1
1 + eE/kBTR
]
. (S26)
These expressions presented and discussed in the main text.
In order to understand the overall behaviour of the non-local currents, we again consider the low temperature limit
kBTL, kBTR  ∆, γ j,n + Γ j,n. In this limit one can derive the expressions analogous to Mott’s formula (S13),
∆InlL =
pi2
3
ek2B
h
∂τL(0,Vsg,L)
∂E
τS τR(0,Vsg,R)(T 2L − T 2S )
= −pi
2
3
ek2B
aLh
τS
∂gL(0,Vsg,L)
∂Vsg,L
4
√
gR(Vsg,R)√
gL(Vsg,L)
(
2 +
√
gL(Vsg,L)
)2 (
2 +
√
gR(Vsg,R)
) (T 2L − T 2S ), (S27)
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∆InlR =
pi2
3
ek2B
h
τL(0,Vsg,L)τS
∂τR(0,Vsg,R)
∂E
(T 2R − T 2S )
= −pi
2
3
ek2B
aRh
τS
∂gR(0,Vsg,R)
∂Vsg,R
4
√
gL(Vsg,L)√
gR(Vsg,R)
(
2 +
√
gL(Vsg,L)
) (
2 +
√
gR(Vsg,R)
)2 (T 2R − T 2S ). (S28)
Eq. (S27), for example, shows that the non-local contribution to the thermal current of the left quantum dot should change
sign at the values of the gate voltage Vsg,L corresponding to the positions of the conductance peaks and the minima of the
conductance valleys of the left dot. At the same time, no sign change in ∆InlL occurs if one varies the gate potential of the right
dot Vsg,R. The current ∆InlL depends on the right gate potential Vsg,R roughly in the same way as the conductance of the right dot
gR(Vsg,R) does. Thus, in order to restore the sign pattern and relative magnitudes of the thermal currents one can use a simple
rule ∆InlL ∝ (dgL/dVsg,L)gR, ∆InlR ∝ gL(dgR/dVsg,R). Such Mott-type behaviour of the non-local currents agrees well with gate
voltage dependence observed in the experiment.
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NOTE 5: THEORETICAL MODELING: INCOHERENT TRANSPORT IN A N-DOT-S-DOT-N SYSTEM.
d L
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FIG. S9. (a) Noncoherent model of the experimental device. ResLL, ResLR, ResRL, and ResRR are the electron-reservoirs, DotL(R) is the
left (right) quantum dot, RnrL and R
nr
R are the additional resistors, S is the superconducting region, δL(R) is δ-barrier on the left (right) NS-
interface. ResLL, ResRR and S are grounded. (b) Side view (schematic) of the graphene-aluminum (superconductor) junction. The patterned
graphene piece has a characteristic size of ∼ 300 nm and constitutes a quantum dot. Here L and d are the lengths of the graphene parts which,
respectively, are either overlapping or extending beyond the superconductor. (c) Schematics of the theoretical model accounting for the effect
of the additional Fano resonance structure. The quantum dot is modelled by two δ-function potentials (the distance between barriers is d)
connected to a fork with a stub of length Le ∼ L2/λ. The transmission and reflection amplitudes of the beam splitter (blank square) are denoted
by t(2) and r(2); the amplitudes incorporating the internal features of the fork and the stub are denoted by t(1) and r(1). We set the distance a
between the double barrier and the beam splitter equal to zero.
The model described in Note 4 is based on the assumption that the transport in the Dot-S-Dot system is fully coherent. In
reality, the system may be subject to dephasing and relaxation. To demonstrate how the decoherence processes may affect the
experiment, we present and analyze an alternative theoretical model based on the scattering matrix approach. This model is
predicated on the assumption that the system may be split into the coherent subsystems which, in turn, are joined incoherently
as connected circuit elements. For this reason, thermal gradients induce both electric currents and voltage drops on the dots.
That is why, in contrast to the coherent transport model, the incoherent one predicts significant value of the local thermal
currents at low temperatures, where the quasiparticles in the superconducting lead disappear, and, thus, it may explain the
experimental observations in this regime. However, our analysis shows that decoherence has little effect on the measured non-
local phenomena.
To account for possible decoherence, we assume that the schematics includes additional reservoirs (ResLR and ResRL) be-
tween the superconductor and both the left and the right dot as depicted in Fig. S9(a). We model the whole structure as a
one-dimensional conducting structure with ballistic motion of electrons in the superconductor and in the quantum dots. The
superconductor (S) is separated by δ-barriers (δL and δR) from the adjacent reservoirs. The transmission probabilities of the
quantum dots (DotL and DotR) may exhibit Fano resonances. In order to model such resonances, the dots are assumed to be
composed of two elements — Fabry-Pe´rot double barrier structure and a stub. Finally, we assume that the leftmost and rightmost
reservoirs (ResLL and ResRR) along with the superconductor are grounded.
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FIG. S10. Uppermost curves: fits (dashed) of the experimentally measured local thermoelectric currents (solid) at two different heating
voltages Vh (7 and 11 mV). Lower traces: experimentally measured (solid) and theoretically modelled (dashed) conductance. The parameters
are t(2)13 = 0.01 e
−0.03i, t(2)23 = 0.55, Zo = 5, Zi = 5, R = 5
h
e2 , 2kFLe = 2.33 + 2pin (n is integer), d = 2.0 nm, Le = 1810.0 nm (we assume that the
Fermi velocity in graphene is vF = 106m/s). We take TLL = (0.09 + 9.1V0.70h ) K and TLR = (0.09 + 8.67V
0.70
h ) K.
A. Local electric current
Let us fist discuss the characteristic features of the experimental plots showing the dependence of the local thermoelectric
current on the gate voltage in the quantum dot. For the present model we assume that the local thermoelectricity in the left
(right) side of the structure is governed by the difference between the population distributions in ResLL and ResLR (ResRL and
ResRR) due to the temperature gradient. For simplicity, we will consider only the subgap regime.
As mentioned in the main paper, we can explain the extraordinary behavior of the local thermoelectric current (i.e., the
appearance of a secondary extremum on one side of the main inflexion point) by the Fano resonant effect emerging in the
connection between the dot and the superconductor. The arrangement of the experimental setting (as shown in Fig. S9(b))
suggests that it can be modeled by the scheme depicted in Fig. S9(c). Here the interface between the superconductor and the
double delta barrier (the distance between barriers is d) is considered to have a fork structure with one of its contacts being a stub
of effective length Le. Le is much larger than d which ensures the interaction between the discreet spectrum due to the stub and
the semi-continuum in the double delta barrier (which encompasses a large level width). Drawing a parallel with the schematics
in Fig. S9(b), the stub relates to the part of graphene overlapping with the superconductor, which has length L. The length of the
stub Le, however, should not necessarily be equal to L: since the mean free path λ of the particles is smaller than L, in reality
they may undergo multiple reflections inside this part of the structure. Then
L2 ∼ Dtt, (S29)
where D ∼ vFλ is the diffusion coefficient and tt is the time that the particle spends in the stub. Accordingly, the effective length
of the stub Le ∼ vF tt ∼ L2/λ used in the model can exceed the typical size of the dot L ' 300 nm. We assume that the barrier in
the end of the stub completely blocks the propagation of the particles, i.e., the probability density for finding the particle beyond
the barrier is zero. For clarity, we separate the right delta barrier from the beam splitter, but imply that the distance a between
them is zero. If Le is finite, the appearance of Fano resonances affects the transparency between left and right terminals changing
the behaviour of the thermoelectric current.
Next we derive the transparency function which would account for the occurrence of this additional Fano scattering in the dot
structure.
Double delta barrier.– The amplitudes of the transmission and reflection (from the inner delta barrier) associated with the double
barrier can be written in the form
td = titoeikdd/(1 − riroe2ikdd); (S30)
rdi = ri + rot
2
i e
2ikdd/(1 − riroe2ikdd); (S31)
where ti(o) = 1/(1 + iZi(o)) and ri(o) = −iZi(o)/(1 + iZi(o)) are the transmission and reflection amplitudes of the inner (outer) delta
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barrier (expressed in terms of strengths Zi and Zo), d is the distance between delta barriers and
kd = kF +
E − eVg
~vF
(S32)
is the wave vector of the particle inside the double barrier (here, Vg is the voltage on the gate).
Fork.– Supposing that the wave function of the particles goes to zero on the boundary in the stub and the stub is grounded (i.e.,
it is not affected by the gate voltage on the dot), we may obtain the transmission and reflection amplitudes t(1), r(1) on the contact
1-3 (incorporating the internal features, i.e., the stub, see Fig. S9(c)):
t(1)13 = t
(2)
13 −
t(2)12 t
(2)
23
exp (−2ikLe) + r(2)22
, (S33)
r(1)33 = r
(2)
33 −
t(2)32 t
(2)
23
exp (−2ikLe) + r(2)22
, (S34)
r(1)11 = r
(2)
11 −
t(2)12 t
(2)
21
exp (−2ikLe) + r(2)22
, (S35)
where index (2) denotes the transmission and reflection amplitudes of the beam splitter, and Le is the length of the stub; we
assume that the wave vector k = kF + E~vF in the stub does not depend on the gate voltage.
For the numerical calculations we will parametrize the beam splitter’s scattering matrix with only two parameters: the elements
of the matrix can be expressed in terms of the transmission probabilities in contacts 1-3 and 2-3:
τ(2)12 = τ
(2)
13 τ
(2)
23
[
2 − τ(2)
Σ
+ 2
(
1 − τ(2)
Σ
)1/2]
/(τ(2)
Σ
)2, (S36)
r(2)ii = t
(2)∗
jk t
(2)
i j t
(2)
ik
[
(τ(2)jk )
−1 − (τ(2)i j )−1 − (τ(2)ik )−1
]
/2, (S37)
where τ(2)
Σ
≡ τ(2)13 + τ(2)23 , and τ(2)i j =
∣∣∣∣t(2)i j ∣∣∣∣2.
Whole structure.– The final transmission probability τ = |t|2 of the dot can be calculated by substituting Eqs. (S30-S36) into the
formula
t =
tdt(1)13
1 − r(1)11 rdi
. (S38)
The scattering on the outer (O) and inner (I) points of the structure is described by the reflection amplitudes
rI = r
(1)
33 +
rdi (t
(1)
13 )
2
1 − r(1)11 rdi
; (S39)
rO = rdo +
r(1)11 (t
d)2
1 − r(1)11 rdi
. (S40)
In the experiment, the local conductance and current are measured in the network of the dot along with the graphene nanorib-
bon (represented by RnrL(R) in Fig. S9(a)) and the N-δ-S boundary. For the theoretical model, we should assume that the nanorib-
bon, together with the N-δ-S boundary, have a constant electrical resistance R. This allows us to write the following equation for
the local current through the left dot (the transparency of the dot τL is calculated as discussed above):
IlocL =
2e
h
∫
dE
[
1
exp E+e(−V+I
loc
L R)α
kBTLL
+ 1
− 1
exp E+e(−V+I
loc
L R)(α−1)
kBTLR
+ 1
]
τL(E), (S41)
where V denotes the external voltage applied to the system (we will need V later to calculate the differential conductance), TLL(LR)
is the temperature of ResLL(LR) and α (0 ≤ α ≤ 1) describes the voltage distribution across the dot. Since δTL = TLL−TLR  TLR
and eIlocL R  kBTLR (as one will be able to see later), we obtain
IlocL =
2e
h
∫
dE
∂ f
∂E
[−eV + eIlocL R − EδTL/TLR] τL(E), (S42)
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whence
IlocL =
− 2eh
∫
dE ∂ f
∂E [eV + EδTL/TLR] τL(E)
1 − R · 2e2h
∫
dE ∂ f
∂E τL(E)
. (S43)
The parameters of our model are such that the dependence of τL(E) on E is relatively weak. We can therefore write the following
equations for the current IlocL (V = 0) and the differential conductance g
loc
L =
∂IlocL
∂V :
IlocL =
2pi2ek2BTLRδTL
3h
∂τL/∂E(0)
1 + 2e2h τL(0)R
; (S44)
glocL =
2e2
h
τL(0)
1 + 2e2h τL(0)R
. (S45)
Fig. S10 depicts experimental fits for different heating voltages Vh obtained using Eqs. (S36), (S38) and (S44); we put tem-
peratures TLL = (0.09 + 9.1V0.70h ) K and TLR = (0.09 + 8.67V
0.70
h ) K; other parameters are given in the caption. One can see
that, for small chosen values of τ(2)13 , the behaviour of the thermoelectric current predicted theoretically compares well with the
experimental data. Moreover, we should note that the parameters of the fits are such that the length Le = 1810 nm comply
with our prediction of ∼ L2/λ ∼ 2000 nm given that L ' 300 nm and λ ∼ 30 nm. Thus, the above model, accounting for
quasi-particles in the superconductor at elevated temperatures, allows for a faithful theoretical description of the measured data.
However, the model does not reproduce the experimental observation that the secondary features of the curves tend to disappear
at large heating voltages.
B. Non-local electric current
The non-local currents in this model are contributed by two factors:
• The voltage difference between ResLR and ResRL which, in turn, is induced by the local thermoelectricity in the left and
right leads. For instance, the temperature difference between ResLL and ResLR generates a nonzero electric potential in
ResLR.
• The temperature gradient between ResLR and ResRL.
Our numerical analysis shows that the latter factor does not play a significant role and can be neglected. Physically, this is due
to the fact that the transmission through the δL-S-δR structure depends on the energy of the incident particles E rather weakly
compared to the transmission through the dots.
The left-to-right current in the left lead, which flows from ResLR to S and ResRL is given by [4]
IL(TLR, TRL, VL, VR) =
2e
h
∫
dE {−RLLeh (E) [1 − f (E − eVL, TLR)] − T RLeh (E) [1 − f (E − eVR, TRL)]
+ [1 − RLLee (E)] f (E − eVL, TLR) − T RLee (E) f (E − eVR, TRL)}, (S46)
where TLR(RL) and VL(R) are, respectively, the temperature and electric potential of ResLR(RL), RLLeh(ee)(E) is the probability of
Andreev (normal) reflection on the N-δL-S interface, T RLeh(ee) is the probability of the Cooper pair splitting (elastic co-tunneling)
with regard to the particles incident from the right lead (here the upper subscript indicates the direction of the particle motion;
e.g., RL means that the particle incident from the right lead is transmitted into the left one).
The probabilities T LLeh(ee) = |r˜eh(ee)|2 and RRLeh(ee) = |t˜eh(ee)|2 are determined by the transmission and reflection amplitudes given
by [38]
t˜eh = tL [tee rR reh + reh rL thh] tR/D; (S47)
t˜ee = tL [tee (1 − t2hh rL rR) + reh rL thh rR rhe] tR/D; (S48)
r˜eh = tL reh [1 + (tee thh − reh rhe) rR rR] tL/D; (S49)
r˜ee = rL + tL [reh rL rhe + tee rR tee − (tee thh − reh rhe)2 rL rR rR] tL/D, (S50)
where tL(R) and rL(R) are the transmission and reflection amplitudes of δL(R); D is determined by multiple reflections inside the
δL-S-δR structure:
D = 1 − t2ee rL rR − t2hh rL rR − reh rhe (rL rL + rR rR) + (tee thh − reh rhe)2 rL rR rL rR; (S51)
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and tee(hh) and ree(hh) are the trasmission and reflection amplitudes of the superconducting part of the structure:
tee(hh) =
e±iplS sinα
sin (α − iqlS ) ; (S52)
reh(he) =
sinh qlS
i sin (α − iqlS ) . (S53)
Here p2 − q2 = k2F and 2pq = (2m/~2)∆ sinα with α = arccos (E/∆); lS is the size of the superconducting region.
Bearing in mind that IL(T, T, 0, 0) = 0 and that the temperature difference between ResLR and ResRL has a small contribution
to the thermoelectric current, from Eq. (S46) we obtain
IL(TLR, TRL, VL, VR) ' 2e
2
h
∫
dE {−RLLeh (E)
∂ f
∂E
(E, TLR)VL − T RLeh (E)
∂ f
∂E
(E, TRL)VR
− [1 − RLLee (E)]
∂ f
∂E
(E, TLR)VL + T RLee (E)
∂ f
∂E
(E, TRL)VR
' 2e
2
h
[2RLLeh (0) + 2T LReh (0)]VL +
2e2
h
[T LRee (0) − T LReh (0)]VL −
2e2
h
[T RLee (0) − T RLeh (0)]VR
= GNSL VL +G
NSN
L VL −GNSNR VR, (S54)
where the quantities defined as
GNSL(R) =
2e2
h
[2RLL(RR)eh (0) + 2T LR(RL)eh (0)], (S55)
GNSNL(R) =
2e2
h
[T LR(RL)ee (0) − T LR(RL)eh (0)] (S56)
may be said to represent, respectively, N-δ-S and N-δ-S-δ-N conductances. Similarly, the left-to-right current in the right lead,
flowing from S and ResLR to ResRL is given by
IR(TLR, TRL, VL, VR) = −2eh
∫
dE {−RRReh (E) [1 − f (E − eVR, TRL)] − T LReh (E) [1 − f (E − eVL, TLR)]
+ [1 − RRRee (E)] f (E − eVR, TLR) − T LRee (E) f (E − eVL, TLR)}
' −GNSR VR +GNSNL VL −GNSNR VR. (S57)
Assuming now that δL and δR are identical, we have GNSL = G
NS
R ≡ GNS and GNSNL = GNSNR ≡ GNSN . Thus,
IL = GNS (VL − 0) +GNSN (VL − VR); (S58)
IR = GNS (0 − VR) +GNSN (VL − VR). (S59)
Using Kirchhoff’s law for the currents at the intersection of ResLR, ResRL, and the superconductor, we obtain the following
equations:
IδTL + gL (0 − VL) = GNS (VL − 0) +GNSN (VL − VR); (S60)
IδTR + gR (VR − 0) = GNS (0 − VR) +GNSN (VL − VR), (S61)
where gL(R) is the conductance of DotL(R) plus additional resistor (nanoribbon) RnrL(R), and I
δT
L(R) is the locally induced thermoelec-
tric current:
gL(R) =
 12e2
h τL(R)(0)
+ RnrL(R)
−1 = 2e2h τL(R)(0)1 + 2e2h τL(R)(0)RnrL(R) ; (S62)
IδTL =
2e
h
∫
dE τL(E) ( f (E, TLL) − f (E, TLR)); (S63)
IδTR =
2e
h
∫
dE τR(E) ( f (E, TRL) − f (E, TRR)). (S64)
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We thus obtain
VR =
−IδTR + IδTL GNSN/(gL +GNS +GNSN)
gR +GNS +GNSN − (GNSN)2/(gL +GNS +GNSN) ; (S65)
VL =
IδTL +G
NSN VR
gL +GNS +GNSN
. (S66)
The currents can be found by substituting VL and VR into Eq. (S58). To select the non-local contribution from the IL(R), one has
to subtract 〈IL(R)〉 (averaging should be performed over different gate voltages on the right (left) dot) from IL(R):
∆InlL(R) = IL(R) − 〈IL(R)〉. (S67)
(a)
(b)
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FIG. S11. Non-local current ∆InlL on the left side as function of the gate voltages Vsg,L and Vsg,R obtained (a) theoretically using the incoherent
model and (b) experimentally. The parameters for (a) are such that the Fano resonance structure in the dots is absent: the parameters of both
dots are t(2)13 = 1, t
(2)
23 = 0, Zo = 5, Zi = 5; R
nr
L = R
nr
R = 5
h
e2 , d = 2.0 nm, the Fermi energy EF  ∆, lS = kF∆/ (2EF), plS = 0.9pi + 2pin
(n is integer); tL = tR = 1/(1 + i), rL = rR = −i/(1 + i) TLL = (0.09 + 9.1V0.70h ) K, TLR = (0.09 + 8.8V0.70h ) K, TRL = (0.09 + 8.8V0.70h ) K,
TRR = (0.09 + 8.4V0.70h ) K.
As indicated by the calculations above, in the case of the incoherent system, the non-local electrical currents mostly originates
from the electric potential difference between the intermediate reservoirs ResLR and ResRL. Therefore, in a strict sense, ∆InlL(R)
is not thermoelectric current but rather it is produced by the locally induced thermoelectric voltages VL and VR on ResLR and
ResRL, which in this regard act as proxies. However, the plots for ∆InlL(R) obtained from the present model are fundamentally
different from the experimental data, which suggests that the observed non-local currents have a direct thermoelectric nature:
Fig. S11 displays the (a) theoretically and (b) experimentally obtained non-local current ∆InlL on the left side as function of the
gate voltages Vsg,L and Vsg,R in a simple situation where τL(E) and τR(E) have a Lorentzian form (i.e., the Fano resonance effects
are absent). Both plots are characterized by similar patterns, but one can easily observe that they have different orientations of
their symmetry axes. This indicates that while the experimental setup can still be subject to decoherence, which may enable the
above discussed mechanism for the local thermoelectricity, the non-local current is mostly determined by the coherent electrical
transport. Note that the exact values of ∆InlL(R) in Fig. S11(b) are not important since the purpose is rather to show the distinctive
behaviour of the non-local electricity conditioned by the incoherent transport.
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To conclude, the incoherent description accurately predicts the character of the local thermoelectricity at small temperatures.
At the same time, at variance to effect of the local thermoelectricity, the non-local currents are dominantly determined by
coherent electrical transport.
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